The study was conducted to assess the effects of whey, molasses and exogenous enzymes on fermentation, aerobic stability and nutrient composition of ensiled maize cobs. Five treatments were ensiled in 1.5 L anaerobic glass jars over 32 days, namely i) control (maize cobs without additives (CON); ii) maize cobs with sugarcane molasses only (MOL); iii) MOL and whey (MOW); iv) MOW and exogenous enzyme at 0.5 g/kg maize cob mixture (ENZ1) and v) MOW and exogenous enzyme at 1 g/kg maize cob mixture (ENZ2). There was a day effect on gross energy (GE) for CON, MOL, ENZ1 and ENZ2 and none for MOW. There was a day effect in ADF for MOL, ENZ1 and ENZ2 and none for CON and MOW. There was lower dry matter (DM) on day 32 compared with day 0 for all treatments. There were treatment effects for GE, crude protein (CP), ash, ether extract, amylase-treated neutral detergent fibre and acid detergent fibre (ADF). On day 32, the neutral detergent fibre (NDF) and ADF concentrations in CON were higher than in MOL, MOW and ENZ2. At day 32, CON silage pH (4.2) was lower than the pH values of ENZ1 (4.5) and ENZ2 (4.6) silages. Acetic acid levels were higher in ENZ1 than ENZ2 silages. Ammonia nitrogen (NH 3 -N) levels averaged 25 ± 6.6 g NH 3 -N/kg total nitrogen, which is indicative of satisfactory ensiling. The MOL, ENZ1 and ENZ2 silages produced more carbon dioxide than CON and MOW silages. The addition of molasses and whey did not improve the nutritive quality of the maize cobs after ensiling. Ensiling maize cobs with molasses, whey and exogenous enzymes resulted in lower DM and fibre levels in the maize cobs, which could enhance intake and digestibility of nutrients when offered to pigs as a component of a balanced diet. Further investigations using higher concentrations of whey and molasses are warranted to improve the energy and protein composition of the maize cobs. ______________________________________________________________________________________
Introduction
Maize cobs have been included in pig diets up to concentrations of 200 g/kg in efforts to offset high feed costs (Ndindana et al., 2002; Kanengoni et al., 2004) . Nonetheless, the use of maize cobs as a feed ingredient in pig nutrition is limited by high fibre (930 g neutral detergent fibre (NDF)/kg dry matter (DM); 573 g acid detergent fibre (ADF)/kg DM) and low protein (35.5 g crude protein (CP)/kg DM) contents (Viljoen, 1993; Ndindana et al., 2002; Kanengoni et al., 2004) . High dietary fibre increases the rate of feed passage in the pig gut, and sequestrates nutrients in the fibre matrix, reducing their digestion (Stanogias & Pearce, 1985; Fevrier et al., 1992) . Fibre levels in maize cobs should be reduced to improve their nutritive contribution to pig diets. Fermentation and the use of exogenous enzymes and acids have been reported to reduce fibre content of maize cobs (Latif & Rajoka, 2001; Le Gall et al., 2009; Urriola et al., 2010; Zhang et al., 2010a) . However, the use of acids to decrease fibre is unattractive because of safety, and environmental and economic concerns. Ensiling has reduced fibre content in forages (Gatel et al., 1988; Khan et al., 2006; Rezaei et al., 2009) and could therefore improve the value of maize cobs as a pig feed resource. Maize cobs are difficult to ensile owing to the high DM content and low levels of water-soluble carbohydrate (WSC) concentrations required for lactic acid production (McDonald et al., 1991) . Khan et al. (2006) ensiled maize cobs (913 g/kg DM) with acidified molasses and urea, and reported improved nutrient digestibility and nitrogen utilization in buffaloes. Similar innovative applications of silage additives could enhance the value of maize cobs as a pig feed ingredient. Sugarcane molasses contains substantial amounts of WSC, while fresh cheese whey contains WSC, soluble protein and some lactic acid bacteria (LAB), which could benefit the ensiling process and boost the nutritive value of maize cobs by increasing energy, protein and minerals (Khan et al., 2006; Bautista-Trujillo et al., 2009; Repetto et al., 2011) . Whey is normally thrown away and sugarcane molasses is cheaply available, making them attractive resources for smallholder farmers.
Exogenous enzymes are added to silage to partially degrade fibre to fermentable WSC for use by LAB, which cannot use fibre as an energy source (Eun & Beauchemin, 2007) . However, exogenous enzyme activities against structural carbohydrates may be inhibited in the presence of LAB (Stokes, 1992; Xing et al., 2009) . Xylans comprise up to 50% of the hemicelluloses in maize cobs (Ebringerová & Heinze, 2000; Vázquez et al., 2006) . It was hypothesized that the nutritive value of maize cobs as a feed ingredient for pigs could be improved through degradation of xylans by commercially available xylanases and the addition of molasses and whey under anaerobic conditions. The objective of this study was therefore to assess the effects of adding sugarcane molasses, fresh cheese whey and exogenous enzymes on the fermentability, nutrient composition and aerobic stability of maize cobs.
Materials and Methods
Maize cobs (920 g/kg DM) were collected from the Agricultural Research Council -Animal Production Institute fields (ARC-API, Irene, Gauteng, South Africa), and ground with a hammer mill (M24, Drosky, Alberton, Johannesburg) to pass through a 5-mm sieve. Sugarcane molasses syrup was obtained from Obaro®, a local dealer, and fresh whey from the cheese factory at ARC-Irene. Porzyme 9302®, an enzyme containing endo-1,4-beta-xylanase activity of 8000 U/g, was obtained from Danisco Ltd (Tsessebe Crescent, Midrand, South Africa). Sugarcane molasses syrup was diluted with warm water at a ratio of 1 : 2 (resulting in a 33% molasses solution) and sprayed evenly over the maize cobs at a rate of 100 mL/kg. Distilled water was added to achieve a moisture content of 600 g/kg maize cobs. Fresh whey was added at a rate of 50 mL/kg maize cob. Two levels (0.5 and 1 g/kg maize cob) of the enzyme were included in two treatments. The treatments were i) control (maize cobs without additive (CON)); ii) maize cobs with 33% sugarcane molasses solution only (MOL), iii) MOL and whey (100 mL of 33% molasses solution and 50 mL whey per kg maize cobs (MOW); iv) MOW with exogenous enzyme at 0.5 g/kg maize cob mixture (ENZ1); and v) MOW with exogenous enzyme at 1 g/kg maize cob mixture (ENZ2). These mixtures were ensiled in 1.5 L anaerobic glass jars (J. Weck, GmBH u. Co., Wehr-Oflingen, Germany) equipped with lids, rubber rings and steel clamps to enable gas release and keep the jars airtight. Jars were stored out of sunlight and kept at 24 -28 ºC. Each jar was filled with approximately 1116 ± 5.8 g (wet weight) maize cobs without a headspace, and a packing density of 744.2 ± 3.86 kg/m 3 was obtained. Three jars per treatment were opened on days 0, 1, 4, 15 and 32 of ensiling, and sampled to determine pH and DM. Further, analyses for gross energy (GE), CP, EE, NDF and ADF were done on samples collected on days 0, 15 and 32. Analyses for WSC, volatile fatty acids (VFAs), lactic acid (LA) and ammonia-N (NH 3 -N) were done on samples collected on days 0 and 32. Representative silage samples from day 32 of all treatments were subjected to an aerobic stability test, in which samples were exposed to air for five days and carbon dioxide (CO 2 ) production and pH were determined following the procedure of Ashbell et al. (1991) .
A 40 g sample of ensiled material was collected from each jar and mixed with 360 mL distilled water in a stomacher bag, blended, and left for 24 hours at 10 ºC (Suzuki & Lund, 1980) . It was then homogenized for 4 min and filtered through a Whatman No. 4 filter paper (G.I.C. Scientific, Midrand, South Africa). The extract was then used to determine pH, WSC (according to Dubois et al. 1956 ), LA (as done by Pryce, 1969) , VFAs (according to Suzuki & Lund, 1980) and NH 3 -N (AOAC, 1990; ID 941.04). The DM of silage was determined by drying the samples at 60 ºC until a constant mass was achieved. This value was corrected for loss of volatiles with the equation of Porter & Murray (2001) . Dry samples were ground to pass through a 1-mm screen (Wiley mill, Standard Model 3, Arthur H. Thomas Co., Philadelphia, Phil, USA) prior to being used for chemical analyses. The aNDF was determined following the procedures of Van Soest et al. (1991) using heat stable α-amylase, and the ADF was determined with Fibertec System equipment (Tecator LTD., Thornbury, Bristol, UK). Separate samples were used for ADF and aNDF analysis and both included residual ash. Crude protein (ID 968.06), ash (ID 942.05) and EE (ID 963.15) were determined according to the procedures of AOAC (1990). Gross energy was determined with bomb calorimetry (MS-1000 modular calorimeter, Energy Instrumentation, Centurion, South Africa).
Data for fermentation, aerobic stability and nutrient composition of the silage were analysed for effects of treatment using GLM procedures of SAS (2012). All data were tested for normality and homogeneity.
Comparisons were made to the 95% significance level and tendencies were considered at 0.05< P ≤0.10. NH 3 -N and lactic acid data were inverse transformed to achieve normality. The model used to compare the data was;
Y ijk = μ + T i + D j + (T*D) ij + ε ijk where Y ij is the dependent variable, µ is the overall mean, T is the treatment effect (i = CON, MOL, MOW, ENZ1, ENZ2), D is the day of ensiling (0, 32), TxD is the interaction of treatment and day and ɛ ij is the experimental error. The PDIFF statistic of SAS (2012) was used to separate the treatment means.
Results
Nutrient composition of maize cobs pre-ensiling and at day 32 are shown in Table 1 . There were day by treatment interactions for GE and ADF (P <0.05) and a tendency for aNDF (P = 0.057). There was a day effect on GE for CON, MOL, ENZ1 and ENZ2 (P <0.05) and none for MOW. There was a day effect in ADF for MOL, ENZ1 and ENZ2 (P <0.05) and none for CON and MOW. Dry matter was lower (P <0.05) on day 32 compared with day 0 for all treatments. Treatment had a significant (P <0.05) effect on GE, CP, ash, EE, aNDF and ADF (P <0.05). On day 32 the NDF and ADF concentrations in CON were higher than in MOL, MOW and ENZ2. Changes in pH of ensiled maize cobs are shown in Figure 1 . Control silage pH decreased rapidly from 6.3 on day 0 to 4.1 on day 15 at a higher rate than in MOL (6.0 to 4.9), MOW (6.1 to 4.7), ENZ1 (6.1 to 5.1) and ENZ2 (6.2 to 5.2) silages. At day 32, CON silage pH (4.2) was lower than the pH values of ENZ1 (4.5; P <0.05) and ENZ2 (4.6; P <0.05) silages. Lactic acid (LA) and acetic acid (AA) and NH 3 -N concentrations in the silages after 32 days are shown in Table 2 . Butyric acid concentrations were not detectable at 32 days.
There were no differences in LA and AA concentrations among all the treatments. Ammonia nitrogen (NH 3 -N) concentrations averaged 25 ± 6.6 g NH 3 -N/kg total nitrogen (TN). Ammonia-N levels were higher (P <0.05) in MOW (27.3 g/kg TN) than in MOL (18.4 g/kg TN) and ENZ2 (16.5 g/kg TN) silages. The results of the aerobic stability test of the maize cob silages are shown in Table 3 . There were no differences in pH among the silages on day 36. The MOL, ENZ1 and ENZ2 silages produced more CO 2 than CON and MOW (P <0.05) silages. 
Discussion
Maize cobs were mixed with water, molasses, whey and exogenous enzymes to reduce DM content, improve the water-soluble carbohydrate content and break down the fibre matrix. The DM for all treatments on day 0 (567 g/kg as fed) was comparable with that reported by Khan et al. (2006) for urea-treated maize cobs. Such a high DM potentially impairs effective ensiling by curtailing the growth of lactic acid bacteria and reducing the rate and extent of fermentation (Ashbell et al., 1991) . The low WSC content (8.2 g/kg DM) of the untreated maize cobs pre-ensiling justified the addition of molasses and whey. The other silages (MOL, MOW and ENZ 1 and 2) had WSC contents of 30 g/kg DM and above. The WSC are fermented to lactic acid by epiphytic LAB, and a minimal concentration of 30 g WSC/kg DM is critical for successful fermentation (Haigh & Parker, 1985; Weinberg et al., 1988; Bautista-Trujillo et al., 2009) .
The results of this study suggest that molasses, whey and enzymes are not necessary for rapid reduction of pH when ensiling maize cobs. McDonald et al. (2002) reported that well-preserved silages had a pH range of 3.8 to 4.2 and only the CON silage attained that. Although the LA production did not differ among treatments, the higher ash in the MOL, MOW, ENZ1 and ENZ2 treatments may have played a buffering role. Kung & Shaver (2001) reported that CP and ash have high buffering capacity. Molasses contain up to 132 g/kg DM of ash (Xande et al., 2010) , while that of whey could be up to 80 g/kg DM (Ben Salem & Fraj, 2007) . Zobell et al. (2004) stated that good silage has lactic acid levels ranging from 30 to140 g/kg, and those of the present study were lower than that threshold, suggesting poorly fermented silages. This may be attributed to low WSC levels pre-ensiling. This agrees with the findings of Van Nevel et al. (2006) , who reported poor in vitro fermentability of maize cobs. Zhang et al. (2010b) stated that a 2 : 1 ratio of lactic acid to acetic acid is an indicator of strong homolactic fermentation. Since the maize cob silage lactate : acetate ratio (LA : AA) was less than 2 : 1, it suggests they underwent hetero-fermentation. A likely explanation is the finding that the addition of molasses to wilted lucerne increased the acetate concentration and decreased the lactate to acetate ratio, as reported by Hashemzadeh-Cigari et al. (2011) . However, high concentrations of acetic acid could have been the result of poor compaction and retention of air pockets, a characteristic commonly associated with drier feedstocks such as maize cobs (Kung & Shaver, 2001 ). Addition of heterolactic inoculants could decrease the LA : AA ratio and might benefit the ensiling of maize cobs.
There was no increase in CP of the treatments after the addition of molasses and whey in this study, contrary to other reports in which molasses and whey resulted in a positive influence on CP (Migwi et al., 2000; Baytok et al., 2005; Mahala & Khalifa, 2007) . This is surprising because molasses has been reported to have up to 44 g CP/kg DM (Xande et al., 2010) , and in whey it ranges from 106 to 130 g/kg DM (Weinberg, 2004; Formigoni et al., 2006; Ben Salem & Fraj, 2007) . In addition, whey has soluble protein, which would significantly complement the mostly insoluble CP in maize cobs. The low ammonia concentrations observed in this study (average 25 ± 6.6 g NH 3 -N/kg TN) are indicative of minimal protein breakdown during the ensiling process. This may be attributed to the low CP available in the silages, although whey must have contributed some soluble protein. High concentrations of ammonia (>12% to 15% of CP) are a result of excessive protein breakdown caused by a slow drop in pH or clostridial action (Kung & Shaver, 2001) .
The increase in fibre levels at day 32 compared with day 0, especially for the ENZ2 treatment, suggests enhanced fermentative processes of highly fermentable non-starch polysaccharide components. This would have resulted in recalcitrant components remaining in the samples. The results are supported by reports that cell wall degrading enzymes reduced fibre content in maize forage at ensiling (Sheperd & Kung, 1996; Meeske et al., 1999; Colombatto et al., 2004) . The extent to which this occurs is difficult to measure accurately because ensiling probably solubilizes part of the non-starch polysaccharide fraction, so that polysaccharides that are recovered in NDF and ADF fractions would differ before and after ensiling, as observed by De Vries et al. (2012) .
The aerobic stability study was inconclusive. The CO 2 production (0.7 -1.6 g/kg DM) obtained in this study is an indication of DM losses and the extent of aerobic stability (McDonald et al., 1991) . The aerobic stability of the maize cobs deteriorated with the addition of molasses and enzymes, and stabilized with the addition of whey. Nkosi et al. (2009) obtained higher CO 2 values for whole maize crop. However, there were similar increases in pH in all silages after exposure to air, which is indicative of poor aerobic stability. Ensiling with heterolactic fermentative inoculants could help improve aerobic stability.
Conclusion
In this study the addition of molasses and whey did not improve the nutritive quality of the maize cobs after ensiling. Further investigations using higher concentrations of whey and molasses may be warranted to improve the energy and protein composition of the maize cobs. Ensiling maize cobs with molasses, whey and exogenous enzymes resulted in lower fibre levels in the maize cobs, which could enhance intake and digestibility of nutrients when offered to pigs as a component of a balanced diet. The aerobic stability of all maize cob silages in this study was poor, and the addition of a heterofermentative inoculant should be investigated. Further work is needed to investigate the effects of ensiling maize cobs on digestibility of nutrients and feed intake.
